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(54) Powered respirators 

(57) A powered respirator of self-contained form 
for use in oxygen-sufficient atmospheres 
comprises a visored helmet (10) defining in use 
a passageway (15) extending from a rear 
opening (16) across the user's head (13) and 
face, an electric fan (17) and filter (19) located 
adjacent the opening to pass respiration air 
through the passageway, a fan battery (18) 
housed forwardly of the helmet, and an exhaust 
valve (20) mounted In the passageway near the 
user's mouth, the valve operating to open in 
response to gas pressure similar to that of 
normal exhalation and including a spring 
closure mechanism having a decreasing spring 
rate during opening. 




O 

Fiq.1 ro 
— ^ ro 



00 
00 

s± 

00 
00 



WJ0V.86- 2727^ 

0 F A 




1 



GB 2 183 488 A 1 



SPECIFICATION 
Powered Respirators 

This invention concerns powered respirators and 
5 more particularly such respirators of a form suitable 
for use by individuals working in environmental 
atmospheres which are dusty or otherwise 
contaminated, but which are nevertheless sufficient 
in oxygen content for normal human activity rather 

10 than oxygen-deficient. 

Respirators of this form are already available in 
accordance with Patents Nos. 1426432 and 1495020. 
However these available respirators have 
themselves, for practical purposes, been of a 

1 5 particular form relative to the greater range of 
possibilities suggested within the related patents. 
This form has involved a visored helmet defining in 
use a passageway therethrough across the user's 
head and face, the helmet housing an electric fan at 

20 its rear to draw air from the ambient atmosphere 
and to pass the same through the passageway by 
way of a bag filter therein above the user's head. In 
the result the user breathes filtered air, 
contamination from the other end of the 

25 passageway relative to the fan and filter being 
avoided or reduced to an acceptable level by air 
outflow. A particular benefit of this form of 
respirator arises from the specific use of a bag filter 
whereby the effective filter surface area is 

30 significantly increased relative to other filter 

configurations compatible with the available space, 
and the power requirement for the fan is 
consequently reduced to the extent that a bodily- 
portable battery power source can be adequate for a 

35 conventional working shift of the order of 8 hours, 
say, without need for battery change or recharging. 
Even so a battery for this purpose is commonly of 
such weight as to be carried separately by way of a 
belt and be connected to the helmet by a lead rather 

40 than be.mounted directly on the helmet. While this 
does not appear superficially to represent a 
particularly onerous complexity, the reality is that it 
is a practical disincentive for the use of respirators in 
a variety of industrial situations. 

45 This is but one example of the general 

observation that, in circumstances where protective 
measures are desirable from a health or safety point 
of view but are not seen to be so in a compelling 
manner by the workforce, workers will not readily 

50 adopt those measures unless there is a minimal, 
and therefore acceptable, inconvenience to the 
individuals in question and disturbance to their 
established working practices. 
Against this background, an object of the present 

55 invention is to provide a more generally acceptable 
industrial respirator relative to those currently 
available. 

To this end there is provided a powered respirator 
of self-contained form for use in oxygen-sufficient 
60 atmospheres, comprising: 

a visored helmet defining in use a passageway 
therethrough extending across the user's head and 
face from a rear opening; 
an electric fan located in said passageway to draw 
65 ambient air thorugh said opening and to pass such 



air across the user's face for respiration; 

a filter positioned across said passageway 
upstream thereof relative to said visor; 
a battery power source housed in said helmet for 

70 said fan; and 

a unidirectional valve mounted in said helmet 
adjacent the user's respiratory orifices to exhaust 
exhaled gas from said passageway, said valve being 
operable to open in response to gas pressure similar 

75 to that of normal exhalation, and including a spring 
mechanism operable normally to close the valve, 
such mechanism exhibiting a decreasing spring rate 
during valve opening. 
The benefit of this respirator relative to 

80 comparable currently-available forms lies in its self- 
contained nature by accommodation of the fan 
power supply in the helmet itself and this 
simplification will reduce the reluctance effective 
against use. This self-containment arises, in turn, 

85 from the use of an overall respirator configuration 
which is structurally closed against contaminated 
air, with exhaled gas being vented by way of the 
valve, whereby a reduced airflow rate is viable 
compared to that appropriate forthe prior respirator 

90 form referred to above, the fan power requirement 
is accordingly reduced, and so also is battery weight 
to allow helmet mounting. 

Given a reduced airflow rate, it is important that 
exhaled gas be exhausted efficiently without 

95 accumulation and the proposed valve form and its 
siting is appropriate to this end. The valve wil I have 
a low resistance operating characteristic and act 
rapidly in response to gas pressure variations 
similarto those in normal respiration. 
100 The helmet will normally have a hat portion with 
the visor depending therefrom at the front. The hat 
portion can be of a single skin form to define part of 
the passageway in association with the user's head, 
or the hat portion can be of a double skin form to 
1 05 define the corresponding passageway part, with the 
inner skin in the latter case possibly being of a 
separable fabric form for purposes of cleaning. In 
either case at least part of the helmet is to be 
substantially sealed to the user to close the 
1 10 passageway except forthe rear opening and the 
valve. This is preferably effected by the provision of 
a flexible curtain depending from the helmet and 
comformable at its free periphery with the user's 
neck. Such a mode of closure is convenient and 

115 comfortable for the user, and is viable without 
effecting absolute sealing provided that gas 
exhaustion is predominantly by way of the valve. 
Closure by elastication or a draw cord about the 
neck is satisfactory for this purpose. 

1 20 The fan is preferably accommodated in the 

passageway adjacent its opening, with the helmet 
being of a rearwardly extended shape relative to a 
user's head for this purpose whereby the helmet is 
not of undue height At the same time a battery 

125 housing is preferably provided towards the front of 
the helmet, above a user's forehead, to result in a 
balanced arrangement in terms of weight 
distribution. 
A filter, such as of pad form, sited across the 

1 30 passageway opening to act as a pre-filter relative to 
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the fan is found adequate for many industrial 
purposes and is beneficial in reducing dust 
deposition within the fan unit However an 
alternative or additional filter site can be 
5 downstream of the fan in the passageway and such 
a site can accommodate a bag filter. 

While reference has been made to a helmet it is 
not to be assumed that the presently proposed 
respirator affords impact protection although the 

1 0 helmet can, of course, be of "hard hat" form. 

The helmet will in practice normally carry a switch 
to allow energisation of the fan when the respirator 
is donned for use. Also it may be desirable for some 
purposes to provide an indication of pressure 

1 5 variations within the helmet. Such variations will 
correlate with the inhalation and exhalation phases 
of the user's respiration which correlate, in turn, 
with closure and opening of the valve and so the 
desired indication can be generated in response to 

20 the valve member movement suitably, for example, 
by arranging for this member to repetitively 
interrupt the optical path between an LED or other 
light source and a photodiode or other such detector 
to pulse an indicator light 

25 A following understanding of the present 

invention is afforded by the following description of 
a preferred form given by way of example and 
illustrated by the accompanying drawings, in 
which: — 

30 Figure 1 schematically illustrates the preferred 
respirator in side view, and 

Figures 2 and 3 diagrammatically illustrate detail 
of the exhalation valve of such respirator 
respectively in side and underneath views. 

35 The respirator of Figure 1 comprises a helmet 10 
including a hat part in the form of a domed shell 1 1 
incorporating a harness 12 for engagement with a 
user's head 13 and having a visor 14 depending 
from the front of its rim to extend over and round 

40 the user's face. The shell is spaced above the 
harness, and projects forwardly and rearwardly of 
the harness, to define a passageway 15 which, in 
use, extends from a rear opening 16 across the head 
and then downwardly over the face behind the 

45 visor. 

An electric fan 17 is located in the passageway 
adjacent its rear opening to draw ambient air into 
the opening to flow through the passageway. The 
shell is provided with a battery housing 18 to power 

50 the fan and a pad filter 1 9 is fitted across the 
passageway rear opening. 

It is to be noted that the helmet shell projects 
significantly to the rear of the harness so that the fan 
is sited behind the head: this allows the shell to be 

55 of modest height which is beneficial because tests 
indicate increase of height may be more significant 
in terms of discomfort or obstruction to the user 
than rearward projection. Also, the rearward 
projection of the shell allows the opening and its 

60 filter to face downwardly so that the filter is 
protected from falling contaminants and other 
damage. At the same time the battery housing is 
located forwardly of the shell over the user's 
forehead to balance the helmet from the point of 

65 view of weight distribution. 



An exhalation valve assembly 20 is connected to 
the lower periphery of the visor, detail of the valve 
mechanism being described below with reference to 
Figures 2 and 3. This assembly involves a hollow 

70 chamber 21 which extends acrssthe lower visor 
periphery adjacent the chin of a user, the front wail 
and this chamber having a series of vent apertures 
22 across its width, and the body of the chamber 
projecting rearwardly towards the user's chin. 

75 Lastly in the overall form of the respirator, a 
flexible neck curtain 23 is sealingly connected with 
the rear of the valve chamber, the sides of the visor, 
and the rear of the helmet shell rim. This curtain is 
elasticated or provided with a draw cord at its free 

80 periphery to conformingly seat around the user's 
neck in substantially sealing manner and so 
effectively close the helmet passageway remotely of 
its rear opening, apart from the operation of the 
valve assembly 20. 

85 Turning to the detail of the valve assembly shown 
in Figures 2 and 3: the chamber 21 is seen to be of 
overall crescent shape in plan. The roof of the 
chamber has a major centrally located area 
apertured to a kidney shape to define a valve port 

90 24. Below the roof is a valve member 25 in the form 
of a plate of similar shape to the port, but slightly 
larger size. The valve member is loosely attached 
above an elongate carrier 26 extending 
longitudinally of the member and projecting beyond 

95 its ends, the carrier ends being angled relative to its 
centre and pivotally coupled to respective posts 27 
depending from the chamber roof. Two further 
posts 28 similarly depend from the roof respectively 
between each first-mentioned post 27 and the 
1 00 associated end of the valve port and member. The 
further posts carry respective ends of a spring wire 
29 extending arcuately in a plane therebetween. 
Also each of the further posts has at its free end a 
transverse projection 30 extending below the carrier 
1 05 to limit movement of the latter and the valve 

member away from the port. The elements of the 
valve form a symmetrical assembly which in use 
generally follows the transverse profile of the user's 
chin. 

110 The arrangement of the spring wire is such as to 
apply a force to the carrier and valve member urging 
the latter towards the chamber roof, and the 
member is positioned normally to seat on the roof 
and to close the valve port. However, the more 

115 particular arrangement of the spring wire is that it is 
mounted in a transversely off-set manner from the 
valve member, and the pivotal nature of the valve 
member movement relative to the port is such as to 
reduce the effective distance from its mounting at 

1 20 which the wire acts on the member. Accordingly, 
although the spring force may increase with valve 
opening, the spring rate effective on the valve 
member decreases. This affords a more rapid valve 
opening than would otherwise normally occur with 

125 a mechanism having a constant or increasing spring 
rate. 

The operation of the valve, in relation to use of the 
respirator to supply filtered air continuously to the 
user for respiration, is to be such that the valve 
1 30 closes during inhalation and opens during 
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exhalation. The valve is, of course, located adjacent 
to the breathing zone of the respirator around the 
user's respiratory orifices and the pressures in this 
zone will decrease and increase as the user inhales 
5 and exhales during respiration. 

Given that inhalation and exhalation pressures 
are of a similar level during normal respiraton, these 
considerations indicate the air supply capability 
which is appropriate for the fan. Thus, the fan 

10 should supply air to the breathing zone at a pressure 
level at least similar to that of inhalation in order to 
be adequate, but not so high as to open the valve 
during inhalation. In the resultthe valve opens 
rapidly to exhaust exhaled gas in response to the 

1 5 summed effect of exhalation pressure and the 
supply from the fan, while the fan supply is 
significantly reduced relative to the case where 
sealing against contamination relies on outflow of 
air supply from the fan throughout the respiration 

20 cycle. 

CLAIMS 

1 . A powered respirator of self-contained form for 
use in oxygen-sufficient atmospheres, comprising: 

25 a visored helmet defining in use a passageway 
therethrough extending across the user's head and 
face from a rear opening; 

an electric fan located in said passageway to draw 
ambient air through said opening and to pass such 
30 air across the user's face for respiration; 

a filter positioned across said passageway 
upstream thereof relative to said visor; 

a battery power source housed in said helmet for 
said fan; and 

35 a unidirectional valve mounted in said helmet 
adjacent the user's respiratory orifices to exhaust 
exhaled gas from said passageway, said valve being 
operable to open in response to gas pressure similar 
to that of normal exhalation, and including a spring 

40 mechanism operable normally to close the valve, 
such mechanism exhibiting a decreasing spring rate 
during valve opening. 

2. A respirator according to Claim 1 wherein said 
valve comprises: 

45 a port defined by an aperture in a wall of said 
passageway; 

a valve member of plate form located outside said 
passageway; 



an elongate carrier pivotally interconnecting said 

50 valve member to said wall at a location on the latter 
transversely off-set from said port, and movable 
between two positions in which said valve member 
is respectively seated on and disengaged from said 
wall to close and open said port; 

55 and a bowed spring extending and acting 
between said valve member and said wall at a 
location on the latter transversely off-set from said 
port in a similar direction to that for said carrier. 
3. A respirator according to Claim 2 wherein: 

60 said visor extends downwardly over and curves 
transversely around the user's face; 

said wall extends from the lower periphery of said 
visor, around and beneath the user's chin; 
said carrier has a central portion extending below 

65 said valve member, and relatively angled end 
portions pivotally suspended below said wall; 

and said spring is a wire having a central portion 
extending below said valve member, and end 
portions mounted below said wall. 

70 4. A respirator according to Claim 3 wherein said 
port and valve member are of similar kidney shape, 
and said wall, port, valve member, carrier and wire 
form a symmetrical assembly generally following 
the transverse profile of the user's chin. 

75 5. A respirator according to any one of Claims 
1 — 4 comprising a flexible curtain depending from 
said helmet, said curtain being conformable at its 
free periphery with the user's neck substantially to 
close said passageway except at said opening and 

30 said valve. 

6. A respirator according to any preceding claim 
wherein said helmet extends rearwardly of the 
user's head, with said fan located behind the head 
and said power source located forwardly of the 

85 nead - 

7. A respirator according to Claim 6 wherein said 
opening is downward facing behind the user's head 
and said filter is located adjacent said opening 
upstream of said fan in said passageway. 

90 8. A respirator according to any preceding claims 
wherein said fan is operable to generate adjacent 
the user's respiratory orifices an air supply at a 
pressure adequate for normal respiration but not so 
great as to cause said valve to open during 

95 inhalation. 
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